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of cleavage, in which Ago3 
sense piRNAs direct cleavage of 
antisense transcripts producing 
the 5´ monophosphate end 
of Aub and Piwi antisense 
piRNAs. A 3´- to-5´ exonuclease 
could then trim the 3´ end of 
piRNA transcripts, perhaps 
acting together with the Hen1 
methyltransferase, which might 
terminate the trimming process by 
adding a 2´-O-methyl group to the 
3´ terminus of the mature piRNA.
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Although left-handers currently 
form about 11% of the 
population, only about 3% 
of those born in 1900 were 
left- handed, a more than 
three- fold difference which 
requires explanation. Whether 
the difference results from 
social pressure for left-handers 
to become right-handed, 
artefacts resulting from response 
biasses that can occur when 
questionnaires are used, or 
perhaps a greater mortality of 
left-handers is still controversial 
[1–3]. Left-sided arm-waving, 
as observed in documentary 
films made between 1900 and 
1906, and which correlates with 
left-handedness, occurs less 
often in 391 individuals born in 
the Victorian period, than in a 
modern control group. Left arm 
waving was also more frequent 
in the older individuals in the 
Victorian sample, an age effect 
that excludes any explanation 
in terms of increased mortality 
of left-handers. Since Victorian 
social pressure to wave with 
the right arm also seems highly 
unlikely, and there can be no 
response bias, the most likely 
interpretation is of a falling rate of 
left-handedness in the nineteenth 
century, with a true increase 
in left handedness during the 
twentieth century. 
Between 1897 and 1913, Sagar 
Mitchell and James Kenyon 
made a series of documentary 
cinematographic films in northern 
England, of which 826 cellulose 
nitrate film negatives were found 
in June 1994 (see en.wikipedia.
org/wiki/Mitchell_%26_Kenyon). 
Two selections of these films have subsequently been released 
on DVD, The lost world of 
Mitchell and Kenyon (2004) (LW), 
and Electric Edwardians: The 
films of Mitchell and Kenyon 
(2005) (EE). We examined these 
films for lateralised behaviours, 
using a PC-based program to 
watch the films in slow motion 
and grab individual frames 
as a record. A pilot study of 
LW showed arm waving to be 
the most frequent lateralised 
behaviour, and the main analysis 
looked at all episodes of arm 
waving in EE. A modern control 
group of equal size to EE was 
obtained by entering ‘waving’ 
into Google Image (see the 
Supplemental data available 
on- line with this issue for 
technical details).
Most of the 391 arm waves  
in EE were carried out by  
males (N = 360, 92.1%). In EE  
the left arm was used in 61 
(15.6%) cases, compared with  
95/391 left-arm waves (24.3%)  
in the modern controls  
(χ2 = 9.23, 1 df, p = .0023). In the 
Victorian subjects, arm waving 
correlated strongly with age 
(Table 1: χ2 (Overall) = 18.56, 4 df,  
p = .00096; χ2 (linear) = 15.04, 
1 df, p = .00011). Sensitivity 
analysis showed the age effect 
was robust against possible 
mis-classification of age (see 
Supplemental Results).
Figure 1 compares the 
arm- waving data with the 
extensive hand-writing data 
of Gilbert and Wysocki [4]. In 
modern data there are more 
left- wavers than left-writers  
(just as left-footedness, left-
eyedness and left-earedness  
are more common than  
left-hand writing [5]). Knowing 
the modern relationship 
of handedness and 
waving (see Supplemental 
Results), estimated rates 
of left- handedness can be 
calculated from the arm- waving 
data for those born in the 
Victorian era (see Figure 1, 
in which estimated rates of 
left- handedness are shown as 
open circles and the dashed 
line). Earlier Victorian rates of 
left-handedness are broadly 
equivalent to modern rates, 
whereas rates then decline, with 
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Figure 1. Change in the pro-
portion of left-handers 
since 1820.
The abscissa shows the 
year of birth of subjects, 
and the ordinate shows the 
percentage of left sided 
use on a logarithmic scale, 
so that equal proportional 
changes are represented 
by lines that are approxi-
mately parallel. The wiggly, 
solid black line at bottom 
right shows the proportion 
of the population in the ex-
tremely large Gilbert and 
Wysocki [4] study who re-
ported using the left hand 
for writing. Solid black cir-
cles connected by solid black lines and with solid error bars show the percentage of 
subjects waving with their left arm (± one standard error). The open circles connected 
with dashed lines, and with dashed error bars show the same data as the solid circles, 
except that they show estimated rates of left-handed writing on the basis of the as-
sociation between handedness and waving (see Supplemental Results). Vertical error 
bars are conventional standard errors, whereas horizontal error bars indicate the age 
range indicated in the leftmost column of Table 1.the lowest values for those born 
between about 1890 and 1910.
These Victorian data on 
arm- waving resolve several 
problems concerning the 
historical data on handedness 
and lateralisation, studying a 
behaviour that is unlikely to be 
subject to strong social  
coercion, and excluding 
response bias by examining 
actual behaviours rather than 
potentially biassed questionnaire 
responses. Left- sided usage is 
not only lower in the Victorian 
sample, but in strong contrast 
to modern data, left-arm 
usage in the Victorian subjects 
increases with age, thereby 
excluding increased mortality of 
left- handers as an explanation. It 
can therefore be concluded not 
only that left-handedness was 
truly less frequent at the end of 
the Victorian period, but that the rate of left- handedness  
had been falling during the 
nineteenth century (and 
that is compatible with data 
suggesting that long- term 
historic and prehistoric rates of 
left-handedness were similar to 
modern rates [6,7]).
The reasons for the Victorian 
decline in left-handedness are 
far from clear, although some 
children were undoubtedly 
discouraged from writing with 
their left hand. Ireland [8], writing 
in Brain in 1880, described how, 
“[Left-handed children] were not 
allowed to use their left hands 
in writing for ciphering. Great 
trouble had, in fact, been taken 
to make them desist from using 
their left hands”. Increasing 
literacy rates [9], coupled 
with universal schooling and 
ever- increasing industrialisation 
and machine tool use in the Table 1: Arm waving in relation to estimated date of birth in the EE sample and the modern 
control group.
Arm used for waving
Estimated age  
(birth cohort) Right Left Total % left waving Standard error
6–12 (1892) 25 2 27 7.4% 5.0%
13–19 (1886) 139 17 156 10.9% 2.5%
20–29 (1876) 109 17 126 13.5% 3.0%
30–49 (1861) 52 22 74 29.7% 5.3%
50–69 (1841) 5 3 8 37.5% 17.1%
Total EE sample 330 61 391 15.6% 1.8%
Modern sample 296 95 391 24.3% 2.2%nineteenth century, may have 
made left-handers more visible 
and hence more subject to the 
stigmatisation of which modern 
left-handers still complain [10]. 
Such explanations might be 
testable using cross- national 
comparisons of countries with 
early or late industrialisation 
and universal literacy. 
Because handedness, cerebral 
lateralisation and atypical 
laterality are associated with 
a range of conditions such as 
dyslexia, stuttering, autism and 
psychosis, the data also raise the 
tantalising possibility that their 
rates may also have changed 
concomitantly.  
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Supplemental data are available at 
http://www.current-biology.com/cgi/
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